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ABSTRACT 


This  report  covers  RF  path  loss  neasuraaents  near  Fort  Monmouth,  N.J., 
over  distances  of  up  to  10  miles  and  at  low  grazing  angles.  Four  frequencies 
were  used  during  these  tests,  three  in  the  UHF  region  and  one  just  below  it. 
Measurements  were  made  with  antennas  vertically,  horizontally,  and  circularly 
polarized.  Paths  were  varied  from  non-line-of-alght  to  definitely  line-of- 
aight.  Comparison  of  losses  under  varying  conditions  wars  mads  and  graphs  for 
estimating  losses  in  the  area  covered  by  these  tests  are  included. 
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1.  BACKGROUND 


The  Avionics  Laboratory  of  the  U,  $.  Army  Electronics  Comaand  is  investi¬ 
gating  the  feasibility  and  the  technology  necessary  for  applying  tine 
ordered  techniques  to  multifunction  avionics  and  ground  equipment  for  tactical 
use.  As  presently  envisioned t  the  RF  frequencies  in  such  a  system  will  be  in 
the  high  end  of  the  VHP  band  or  in  the  UHF  band.  Much  of  the  transmission  in 
such  a  system  would  be  at  very  low  gracing  angles  where  the  transmission  path 
can  vary  from  line-of-sight  to  non-line-of-sight.  If  line-of -sight  does  not 
exist,  the  RF  signal  is  subjected  to  many  factors  which  degrade  it.  Even  if 
llne-of-slght  exists,  multlpaeh  can  cause  signal  distortion  and  variation.  In 
order  to  obtain  meaningful  data  concerning  the  propagation  losses  which  vlll 
be  encountered  in  such  a  system,  a  series  of  experiments  were  conducted  to 
determine  the  extent  of  the  signal  losses  when  transmitting  in  an  environment 
typical  of  the  anticipated  multifunction  system,  namely  low  grazing  angles  and 
natural  and  man-made  obstructions. 

2.  INTRODUCTION  AND  OBJECTIVE 


This  report  describes  a  series  of  propagation  path  loss  tests  to  measure 
path  losses  at  low  grazing  angles  in  the  225  to  2,300  MHz  range.  Path  loss  is 
the  signal  attenuation  expressed  as  the  ratio  of  the  received  power  to  the 
transmitted  power.  It  can  be  expressed  as  a  number,  but  is  usually  expressed 
as  transmission  loss  in  dB.  The  path  loss  Is  dependent  on  such  factors  as  — 

a.  the  distance  between  the  transmitter  and  receiver; 

b.  the  carrier  frequency; 

c.  the  signal  absorption  factors  due  to  the  environment ; 

d.  the  multipathing  contributions  which  can  either  reinforce  or  reduce 
the  received  signal; 

e.  diffraction  losses  in  paths  which  are  marginally  line  of  sight,  and; 

f.  depolarization. 

To  be  useable,  the  amplitude  of  the  received  signal  must  be  large  enough 
to  provide  an  adequate  margin  over  competing  signal  Interference  and  noise. 

In  general,  the  transmitted  power  required  varies  with  the  square  of  the  dis¬ 
tance  between  the  transmitter  and  the  receiver  and  also  as  the  square  of  the 
ratio  of  the  carrier  frequencies. 

The  tests  described  in  this  report  were  conducted  specifically  to  obtain 
input  data  for  the  Micro  Navigation  and  Position  Locating  System  (MNPLS). 
Since  MNPLS  has  to  be  effective  in  any  azimuth,  the  allowable  means  for  In¬ 
creasing  both  the  transmitting  and  receiving  antenna  gains  are  restricted  to 
those  procedures  which  entail  vertical  stacking.  Such  vertically  stacked  ar¬ 
rays  concentrate  the  RF  energy  into  a  narrower  vertical  angle,  thereby  in¬ 
creasing  the  gain  in  the  horizontal  direction  and  decreasing  the  vertical 
coverage.  The  effects  of  the  propagation  path,  however,  can  only  be  known  In 
general,  but  not  in  detail,  since  the  effects  of  the  terrain,  buildings,  and 
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foliage  that  account  for  multipathing,  signal  absorption  and  scattering,  dif¬ 
fraction,  and  depolarization  cannot  be  determined  exactly  or  easily  separated. 
Even  though  these  effects  usually  cannot  be  isolated  from  each  other,  an  accum¬ 
ulated  record  of  path  losses  can  provide  a  practical  range  of  path  losses  for 
which  an  operable  system  has  to  compensate.  The  tests  described  in  this  re¬ 
port  were  conducted  to  measure  these  effects  in  order  to  establish  some  guide¬ 
lines  for  future  systems  design. 

3.  TEST  PROCEDURE 

All  tests  covered  by  this  report  were  conducted  between  the  Hexagon 
Building  at  Fort  Monmouth  and  remote  sites.  The  receiving  antenna  was  always 
located  on  the  roof  of  the  Hexagon.  The  transmitter  was  located  at  various 
remote  sites  within  a  radius  of  less  chan  10  miles  from  the  receiving  site. 

All  equipment,  antennas,  and  cables  were  carefully  calibrated  for  gain  or 
attenuation  so  that  the  path  loss  could  be  accurately  calculated  from  the 
transmitted  and  received  power.  At  the  transmitter  site,  the  frequency  and 
power  output  were  continuously  monitored  and  recorded.  At  the  receiving  site, 
received  signal  strength  and  transmitting  antenna  height  were  recorded  on  a 
strip  chart  recorder.  Meteorological  data  and  other  pertinent  data  were  re¬ 
corded.  Sample  antenna  and  cable  data,  meteorological  data,  and  a  test  sched¬ 
ule  are  shown  in  Tables  I,  II,  and  III.  Figure  1  is  a  map  of  the  area  show¬ 
ing  the  receiving  site  and  the  various  transmitting  sites. 

Three  types  of  antenna  supports  were  used  at  the  transmitting  sites.  At 
site  19B,  there  was  a  permanent  85-foot  high  tower  with  a  track  on  its  side 
on  which  an  antenna  could  be  run  up  and  down.  At  Monmouth  Country  Airport, 
site  5,  a  semipermanently  installed  crank-up  tower  was  used,  the  maximum  height 
of  which  was  88  feet.  The  third  support  was  a  portable  crank-up  maet  with  a 

maximum  height  of  33  feet.  This  crank-up  mast  could  be  set  up  at  any  of  the 

a ites. 

The  transmitter  and  all  ocher  equipment!*  required  at  the  transmitter 
site  were  contained  in  a  truck-vaounted  shelter.  The  truck  was  driven  to  the 
various  transmitting  sites  and  the  RF  transmitter  was  connected  either  to  the 
permanently  emplaced  antenna  system  at  a  particular  site  or  to  a  portable  one. 
Teats  were  conducted  with  various  types  of  antennas  and  various  polarizaticns. 

A  typical  test  run  consisted  of  elevating  the  antenna  from  the  lowest 
height  obtainable  with  the  mast  being  UBed,  up  to  the  highest  possible  height 
and  then  lowering  it  again.  In  some  of  th<  tests,  the  maximum  height  had  to 
be  limited  due  to  high  winds.  During  thi*  ovation  cycle  the  transmitter  was 
kept  at  constant  power  and  the  received  s  strength  was  recorded  as  a 

function  of  transmitting  antenna  height.  ample  recording  taken  at  the  re¬ 
ceiver  is  shown  in  Figure  2.  Table  IV  shows  a  typical  data  reduction  table. 
The  values  of  received  signal  strength  are  read  off  the  strip  chart  and  tabu¬ 
lated  with  accompanying  transmitting  antenna  heights.  These  values  are  then 
algebraically  combined  with  transmitted  power,  antenna  gains,  and  cable  losses 
to  arrive  at  the  path  loas  (para  7).  Moat  test  runs  were  repeated  two  or 
three  times,  and  the  final  tabulated  path  loss  value  was,  at  each  heighc,  an 
average  of  the  individual  path  loss  values.  This  average  value  was  then  plot¬ 
ted,  as  shown  on  the  sample  plot  in  Figure  3. 
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Table  1.  Antenna  and  Cabla  Data 


FREQUENCY:  229. S  MHz 


ANTENNA 

CABLE 

TYRE' 

GAIN 

dB 

TYPE 

LENGTH 

FT. 

AT-197 

T-29 

EHCO  3101 

1.2 

B'.O 

-  3.8 

FHJ4-S0 

>00 

UO 

AG-319A/U 

100 

130 

RG-58C/U 

too 

FSJA 

— 

FREQUENCY:  371  .It  MHz 


AT-197 

2.0 

FHJA-50 

100 

.30 

T-29 

8.0 

RG-3I9A/U 

100 

130 

EMCO  3101 

6.1 

RG-S8C/U 

100 

FSJG 

FREQUENCY:  1 S45  flH* 


ACL  Horn 

14. A 

FHJ4-50 

100 

130 

An-Jrew  Dlscor.e 

mm 

RG-319A/U 

WMEMBm 

Andrew  Bt coni  cel 

RG-S8C/U 

100 

EHCO  3102 

FSJ4 

FREQUENCY:  2290  MHz 

AcL  Horn 

16.6 

FHJ4-50 

100 

130 

Andrew  Oljcona 

1.3 

RG-3I9A/U 

IHBRJ 

WKEmM- 

Andrew  Bi coni  cel 

RG-58C/U 

100 

0.7 

FSJ4 

m 

FHJR-SO  ”1  u  .. 
RG-319A/U_)  H«"*x 


FSJ4 


Superf lex 


TabJe  II.  Keteorologica 1  Data 


Data 


Frequency 

(MH») 


Site 


No.  of 
Rune 


Transmitting 

Antenna 


24  Jan  72 

25  Jan  72 
27  Jan  72 

27  Jan  72 

28  Jan  72 
28  Jan  72 
28  Jan  72 
31  Jan  72 
31  Jan  72 
1  Feb  72 
1  Feb  72 
1  Feb  72 
1  Feb  72 
7  Feb  72 
7  Feb  72 

7  Feb  72 

8  Feb  72 
8  Feb  72 

8  Feb  72 

9  Feb  72 
9  Feb  72 

9  Feb  72 
14  Feb  72 
14  Feb  72 
14  Feb  72 
14  Feb  72 
16  Feb  72 
16  Feb  72 

16  Feb  72 

17  Feb  72 

17  Feb  72 

18  Feb  72 
18  Feb  72 
18  Feb  72 
18  Feb  72 

10  Mar  72 
10  Mar  72 

10  Mar  72 
10  Mar  72 
10  Mar  72 
10  Mar  72 
10  Mar  72 
10  Mar  72 
13  Mar  72 
13  Mar  72 
13  Mar  72 
13  Mar  72 

13  Mar  72 

14  Mar  72 
14  Mar  72 
14  Mar  72 
14  Mar  72 


1545 

MCA  5 

AEL  Horn 

1845 

MCA  5 

AEL  Horn 

1545 

MCA  5 

AEL  Horn 

371.4 

MCA  6 

a 

AT-  197 

229.8 

MCA  8 

AT-197 

371.4 

MCA  5 

AT-197 

1545 

MCA  5 

I  ■ 

AEL  Horn 

1545 

Highlands  21 

3 

AEL  Horn 

1545 

Highlands  21 

2 

Andrews  Dlscooe 

371.4 

Highlands  21 

3 

AT-197 

229.5 

Highlands  21 

2 

AT-197 

1545 

Highlands  21 

1 

AEL  Horn 

2290 

Highlands  21 

2 

AEL  Horn 

229.5 

Wayside  19 

2 

AT-197 

371.4 

Wayside  19 

2 

AT-197 

1648 

Wayside  19 

3 

Andrews  Dlscone 

1548 

Wayside  19 

2 

AEL  Horn 

1545 

Wayside  19 

2 

Andrews  Dlscone 

1545 

Wayside  19B 

3 

AEL  Horn 

371.4 

Wayside  19B 

2 

AT-197 

1548 

Wayside  19B 

2 

AEL  Horn 

1545 

Wayside  19B 

3 

AEL  Horn  (HorU.Pol.) 

371.4 

Wayside  19B 

3 

T-29  (Vert.  Pol.) 

371.4 

Wayside  19B 

2 

T-29  (Horn.  Pol.) 

229.8 

Wayside  190 

2  . 

T-29  (Vert.  Pol.) 

229.5 

W' ay  side  19B 

2 

T-29  (Horn.  Pol.) 

371.4 

Wayside  19B 

2 

Emco  3101  (ClrcularP,) 

229.5 

Wayside  19B 

3 

Emco  3101  (Circular  P.) 

1545 

Wayside  19B 

3 

Emoo  3102  (Circular  P.) 

1545 

Wayside  0 

3 

AEL  Horn 

1545 

Wayside  9 

2 

Andrews  Dlscone 

1545 

Wayside  9 

2 

AEL  Horn 

1545 

Wayside  9 

2 

Andrews  Dlscone 

371.4 

Wayside  9 

2 

AT-107  .. 

229.6 

Wayside  9 

3 

AT-197 

371.4 

Wayside  19 

4 

AT-197 

371.4 

Way  aide  19B 

2 

AT-197 

371.4 

Wayside  19D 

2 

Emeo-3101  (Clre.Pol.) 

229.5 

Wayside  19B 

2 

Emco-3101  (Clre.Pol.) 

229.5 

Wayside  19B 

T-29  (Vert.  Pol.) 

229.5 

Wayside  19U 

T-29  (Hori*.  Pol.) 

371.4 

Wayside  19B 

T-29  (Horii.  Pol.) 

371.4 

Wayside  19B 

T-29  (Vert.  Pol.) 

1545 

Wayside  19 

2 

AEL  Hons 

1545 

Wayside  19 

2 

Andrews  Dlscone 

1545 

Wayside  19B 

2 

AEL  Horn 

1545 

Wayside  19B 

2 

AEL  Horn  (Hcrlz.  Pol.) 

1545 

Wayside  19B 

1 

Emco-3102  (Clre.Pol.) 

371.4 

Wayside  9 

2 

AT-197 

229.6 

Wayside  9 

2 

AT-197 

1545 

Wayside  9 

2 

Andrews  Dlscone 

1545 

Wayside  9 

2 

ACL  Horn 
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C/tf,IBR#TION 


An  Airborne  Instruments  Laboratory  (AZL)  Modal  707  Spactrum  Analyzer  vat 
uaad  as  tha  receiver  for  these  tests.  The  output  of  this  analyser  is  a  dc 
voltage  proportional  (in  dB)  to  the  input  elgnal  strength.  The  receiving  an¬ 
tenna  was  connected  to  the  spectrua  analyser  through  a  low  loss  cable  for  tests 
at  the  lower  frequencies,  and  through  a  low  losa  cable  and  a  20-dB  preamplifier 
at  the  higher  frequencies.  The  output  of  the  spectrum  analyser  was  recorded  on 
a  strip  chart  recorder  and  pertinent  data  was  annotated  on  the  strip  chart. 

An  accurately  calibrated  source  of  RF  was  used  to  calibrate  the  receiving 
setup.  This  RF  source  waa  substituted  for  the  antenna  during  the  calibration 
procedure.  All  other  connections  ware  unchanged  (Figure  4).  In  this  manner, 
the  entire  receiver  setup  was  calibrated  since  the  signal  from  the  calibrating 
source  passed  through  the  Identical  path  as  the  received  signal  from  the  an¬ 
tenna.  To  calibrate  a  strip  chart,  several  calibrated  levels  of  RF  were  fed 
into  the  receiving  setup  and  recorded  on  the  strip  chart.  On  the  strip  chart, 
each  level  was  marked  with  its  corresponding  signal  level  which  was  then  used 
as  the  standard  in  reducing  the  data  (Figure  2). 

5.  TRANSMITTING  EQUIPMENT 

The  transmitter  and  the  RF  power  and  frequency  monitoring  equipment  were 
installed  in  an  S-280  shelter  which  was  mounted  on  a  M-35  military  truck  (Fig¬ 
ure  5).  The  transmitter  power  oscillator  was  a  MICRODOT  Model  445.  This  power 
oscillator,  when  used  in  conjunction  with  several  plug-in  modules,  provided  a 
CW  RF  source  continuously  variable  between  2  end  2,500  MHz,  with  a  power  output 
as  high  as  50  watts. 

The  RF  power  output  from  the  transmitter  was  continuously  monitored  with 
a  BIRD  THRULINE  Model  43  WATTMETER,  which  could  also  be  used  to  measure  re¬ 
flected  power  to  check  for  cable  or  antenna  malfunctions.  A  SYSTRAN  DONNER 
Model  1037  Frequency  Counter  was  used  to  monitor  the  RF  frequency.  The  binary 
coded  decimal  (BCD)  output  from  this  frequency  counter  was  fed  to  a  HEWLETT 
PACKARD  D/A  CONVERTER  Model  R50562A,  whose  output  was  plotted  on  one  channel 
of  a  BRUSH  MARK  220  atrip  chart  recorder.  The  output  of  the  thrullne  wattmeter 
was  recorded  on  the  second  channel  of  the  strip  chart  recorder  (Figure  6). 

Thus,  there  was  a  continuous  record  of  transmitter  power  output  and  frequency. 


6.  TRANSMITTING  SITES 

The  mobile  transmitter  was  located  at  many  different  sites  for  these  tests. 
These  sites  included  areas  where  permanent  or  semipermanent  antennas  were  in¬ 
stalled,  as  well  as  places  where  the  portable  antenna  mast  was  used.  This  sec¬ 
tion  contains  brief  descriptions  of  these  sites,  the  physical  environment  In 
the  vicinity  of  the  antenna  which  could  affect  propagation,  and  terrain  pro¬ 
files  for  the  sight  line.  The  sight  line  is  defined  as  an  imaginary  straight 
line  from  the  transmitting  antenna  to  the  receiving  antenna.  The  locations  of 
most  of  the  various  transmitting  sites  are  also  shown  on  the  map  in  Figure  1. 


TRANSMITTING 

ANTENNA 


a.  ^L1_MoTOouth_Countg_Alrpprt  Site  3. 


Site  S  (Figures  7  and  8)  la  located  among  20-foot  pine  traas.  The  sight 
line  Is  through  this  woodad  area  for  ISO  feat  to  a  clear  area,  than  500  feet 
over  a  downward  elope  in  the  direction  of  the  receiver  location.  To  the  right 
of  the  eight  line,  at  45  degrees,  130  feet  away,  there  is  a  metal  hanger  the 
side  of  which  runs  +30  degrees  relative  to  the  sight  line. 


Figure  7.  AJLL,  Monmouth  County  Airport  Site  5 


PROFILE  CHART 


Site  9  (Figures  9  and  10)  la  located  la  •  grace  oovered  field,  In  line 
with  the  receiving  site  la  a  shallow  5-foot  rise.  A  festal  screen  ventilator, 

2  feet  high  by  3  feet  in  disaster  le  located  70  feet  flea  the  treaealtter.  Be¬ 
yond  the  ventilator,  at  150  feet.  there  Is  e  plan  tree  20  feet  tall.  Three- 
hundred  feet  away  there  are  additional  trace.  10  feet  la  height.  To  the  left 
of  the  sight  line  at  an  angle  of  15  degree#  and  a  dietenee  of  900  feet  Ires  the 
transmitter,  there  la  a  pole  40  feet  tall  with  cable#  leading  to  three  buildings 
b  eyond . 


Figure  9.  Wayside  Site  9 


c.  Wayside  Site  VA. 

Site  9A  (Figures  11  and  12)  Is  located  among  30-foot  .’■.all  trees  with  ap¬ 
proximately  6-inch  diameter  trunks.  In  line  with  the  receiving  site  is  a  130 
foot  stretch  of  wooded  area,  a  dirt  road,  and  400  feet  of  gradually  rising, 
grassy  fields,  bordered  on  the  far  slue  by  trees  20  feet  tall.  At  a  distance 
of  300  feet  from  the  transmitter,  in  line  with  the  receiving  site  1b  a  metal 
screen  ventilator,  2  feet  high,  3  feet  in  diameter.  The  terrain  profile  chart 
for  this  site  is  the  same  as  for  site  9  since  it  is  located  in  the  woods  Just 
a  few  feet  from  site  9. 


Figure  11.  Wayside  Site  9A 


PREVIOUS  COITION  QT  THIS  TOftM  IS  OftSOCCTC 


Sice  10  (Figures  13  and  14)  Is  located  In  s  heavily  weeded  field.  A  guy 
wire  crosses  the  sight  line  at  a  distance  of  70  feet  from  the  transmitter. 
Theiv  are  two  metal  sheds,  located  100  feat  and  200  feet,  respectively,  from 
the  transmitter.  In  addition,  three  wires  60  feet  high  cross  the  sight  line 
100  feet  and  again  275  feet  from  the  transmitter.  Three-hundred  twenty-five 
feet  from  the  transmitter,  the  sight  line  passes  through  a  heavily  wooded  area. 


Figure  13.  Wayside  Site  10 


e,  Wayside  Site  14. 

Site  14  (Figures  IS  and  16)  is  located  in  the  middle  of  a  15-foot  wide 
stream  which  runs  perpendicular  to  the  sight  line.  There  is  an  upward  slope 
along  the  sight  line  rising  to  a  level  15  feet  above  the  transmitter  site. 

The  crest  of  this  rise  is  30  feet  from  the  transmitter  site.  There  are  15-foot 
trees  on  top  of  this  rise.  Cne-hundred  feet  from  the  transmitter  are  four  40- 
foot  trees,  then  brush  for  200  feet,  and  woods  of  30-foot  trees,  all  on  a  plane 
15  feet  above  site  14. 


Figure  15.  Wayside  Site  14 


PROFILE  CHART 


Site  19  CFigurea  17  and  18)  is  located  la  a  heavily  weeded  {laid.  In  line 
with  the  receiver  elte,  340  feet  free  the  transmitter,  1.*  a  large  van  beyond 
which  thera  la  a  forest  of  trees  40-feet  tall.  One-half  wile  further  along  the 
sight  line  and  perpendicular  to  it  there  are  three  large  power  cables  suspended 
f ran  natal  towers  60  feet  In  height.  Thirty  ?*»t  to  the  left  of  the  van  is  a 
second  van,  and  at  40  and  60  feet,  respectively,  to  the  left  of  this  van  there 
are  two  45-feet  high  towers.  Thirty  degrees  to  the  right,  and  100  feat  away 
from  the  transmitter  site  19,  there  are  two  netal  huts,  15  fast  high,  20  feet  in 
diameter.  Six  hundred  feet  fron  the  transmitter  there  le  e  ground  plane,  300 
feet  In  diameter  with  a  40-foot  pole  located  at  its  center. 


Figure  17.  Vayaide  Site  19 


TERRAIN  PROFILE  -  WAYSIDE  W TO  HEX 


*•  w»yide  Site  19B. 

Site  19B  (Figure  19)  la  located  atop  an  85 -foot  tower  which  la  45  feet  be 
hind  aite  19  and  40  feat  to  tha  right,  thereby  placing  alte  19  obataclea  40 
feet  to  the  left  of  the  receiver  eight  line.  The  receiver  alte  la  vielble, 
through  the  power  lines,  which  croae  the  eight  line  approximately  1,9  miles 
from  the  transmitter  alte. 
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Transmitter  site  20  (Figures  20  and  21)  is  located  in  a  vine  covered  field. 
In  line  with  the  sight  path  are  five  15-foot  high  cables  and  a  row  of  trees  20 
feet  tall,  running  diagonally  from  20  feet  to  the  right  of  the  transmitter 
site  to  a  point  20  feet  to  the  left  of  the  sight  line  and  120  feet  away  from 
the  transmitter  site.  There  is  a  40-foot  high  pole  at  that  point.  The  afore¬ 
mentioned  cables  and  line  of  trees  cross  the  sight  line  60  feet  from  the  trans¬ 
mitter  site.  Along  the  sight  line,  120  feet  from  the  transmitter,  is  a  road 
running  approximately  perpendicular  to  the  sight  line.  There  are  40-foot  tall 
poles  on  both  sides  of  this  road.  The  poles  support  cables  at  the  30-  and  40- 
foot  levels.  Two-hundred  and  twenty  feet  along  the  sight  line,  there  is  a 
dual  road  that  runs  off  45  degrees  to  the  right  of  the  sight  line.  Cyclone 
fence,  on  both  sides  of  the  depressed  road,  is  in  close  proximity  to  the  sight 
line  at  points  220  and  400  feet  from  the  transmitter  site.  Beyond  the  farther 
fence,  there  are  trees  40  feet  tall  located  on  a  downward  slope. 


<1  VAC.  ON 
MONMOUTH 


Figure  21.  Site  20  Profile  Chert 


7.  SAMPLE  DATA 


This  paragraph  contains  a  complete  sample  data  run  and  data  reduction  in 
order  to  illustrate  the  procedures  use^  and  to  enable  the  reader  to  better  in¬ 
terpret  the  data  contained  in  paragraphs  8* and  9.  The  examples  are  excerpts 
from  the  tests  conducted  on  February  9,  1972. 

Figure  22  is  a  sample  of  the  teat  condition  log,  vhich  is  generally  self- 
explanatory.  Tests  were  normally  conducted  with  vertical  polarization  on  both 
the  transmit  and  receive  ends,  unless  otherwise  noted.  This  log  sheet  indi¬ 
cated  that  test  runs  720209-01  and  720209-02  were  done  with  vertical  polariza¬ 
tion,  aid  that  in  run  720209-03,  horizontal  polarization  was  used  in  the  trans¬ 
mitting  antenna.  The  receiving  antenna  was  always  vertically  polarized. 

Figures  23  and  24  are  full-size  reproductions  of  the  atrip  chart  recording 
of  run  720209-02.  It  shows  that  the  run  was  started  at  1350  hours,  the  AEL 
horn  antenna  was  used,  and  the  frequency  was  1,545  MHz.  The  wind  was  from  270 
degrees  at  2  knots,  gusting  to  8  knots.  The  lower  section  of  the  atrip  chart 
has  the  calibration  marks  on  it,  showing  the  -80,  -90,  -100,  and  -100  dBm  lev¬ 
els.  The  wiggly  line  is  the  recorded  signal  strength  and  the  annotations  on 
the  upper  section  show  the  height  of  the  transmitting  antenna.  The  notation 
10  dB  ATT  between  8  and  30  feet  indicates  the  signal  was  attenuated  10  dB.  In 
order  to  place  the  trace  into  the  most  linear  section  of  tne  recording  equip¬ 
ment,  attenuation  was  added  whenever  the  signal  strength  was  of  such  a  magni¬ 
tude  that  it  would  cause  the  trace  to  fall  near  the  edge  of  the  recording. 
During  the  portion  of  the  test  run  between  30  and  65  feet,  20  dB  of  attenuation 
was  added.  Obviously,  these  attenuation  values  have  to  be  added  to  the  signal 
strength  read  from  the  graph.  The  test  ended  at  1,400  hours,  as  indicated, 
and  the  equipment  was  recalibrated  at  the  end  of  the  test  to  assure  us  that 
nothing  had  drifted  sufficiently  to  invalidate  the  data. 

Figure  25  ^hows  a  Test  Data  Sheet,  which  is  used  for  establishing  path 
losses  with  the  data  from  the  strip  chart  recording.  As  shown  in  the  section 
on  the  upper  right  of  this  sheet,  the  equivalent  system  (input)  power  is  a 
function  of  the  transmitted  power,  the  antenna  gains,  and  cable  losses.  The 
received  signal  strength  is  scaled  off  the  strip  chart  recording  and  logged  in 
the  RCVD  PWR  column  as  a  function  of  transmitting  antenna  height  above  ground. 
This  particular  test  data  sheet  shows  the  data  from  two  consecutive  runs.  It 
should  be  noted  that  the  received  power  in  dBm  was  always  negative,  but  for 
simplicity's  sake,  the  negative  signs  were  omitted  on  these  sheets.  The  path 
loss  for  each  test  is  shown  in  the  next  two  columns,  and  the  average  path  loss 
for  each  transmitting  antenna  height  together  with  the  number  of  samples  this 
average  is  based  on,  is  shown  in  the  last  two  columns. 

Figure  26  is  a  plot  of  the  average  path  losses  found  in  test  runs  720209- 
01  and  -02,  as  determined  on  the  test  data  sheet.  The  free  space  loss  between 
the  transmitting  and  receiving  stations  is  also  shown.  This  lets  one  determine 
the  additional  path  loss,  above  that  of  free  space,  caused  by  the  physical  en¬ 
vironment  through  which  the  signal  is  propagated. 
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Figure  26.  Propagatl 


8.  TEST  RESULTS 


This  paragraph  contains  the  reduced  data  from  the  teats  (refer  to  the 
Appendix).  The  raw  data  is  not  included  in  this  report  since  it  would  un¬ 
necessarily  add  to  the  bulk.  The  results  of  each  set  of  tests  are  shown  in 
tabulated  and  graphical  formats.  The  explanation  of  how  this  reduced  data 
was  obtained  is  given  in  the  "Sample  Data,"  paragraph  7. 

Table  V  lists  the  distribution  and  cumulative  distribution  of  the  maxi¬ 
mum  path  losses  obtained  during  the  1972  tests.  Only  three  of  the  four  fre¬ 
quencies  used  in  the  test  are  shown  since  there  was  insufficient  data  at  the 
highest  frequency.  This  data  was  obtained  over  the  various  paths  between  the 
receiver  at  the  Hexagon  Building,  Fort  Monmouth,  and  the  transmitting  stations 
none  of  which  were  more  than  10  miles  from  the  receiver.  It  should  be  noted 
here  that  the  maximum  path  loss  did  not  always  occur  at  the  lovest  antenna 
height.  The  table  shows  the  number  of  tests  in  which  particular  maximum  los¬ 
ses  were  observed,  the  cumulative  total  as  the  losses  get  larger  anJ  larger, 
and  the  percentage  of  the  total  number  of  observations  that  these  cumulative 
totals  represent.  This  data  is  plotted  on  Figures  27  and  28. 

Figure  27  shows  the  distribution  of  the  maximum  path  losses.  It  can  be 
seen  that  as  the  frequency  is  increased,  the  path  losses  increase.  The  cumula 
t ive  distribution  plot,  Figute  28,  shows  the  percentage  of  path  loss  which 
does  not  exceed  a  given  loss,  as  a  function  of  antenna  height  and  frequency. 
For  example,  at  1,545  MHz,  96  percent  of  the  transmissions  had  a  path  loss  of 
151  dB  or  less,  regardless  of  antenna  height,  obstructions,  atmospheric  con¬ 
ditions,  etc.  (without  our  10-oile  test  radius  of  course). 

The  graphs  on  the  following  pages  are  combinations  of  various  plots  se¬ 
lected  from  the  reduced  data  in  the  Appendix.  These  grapha  were  prepared  to 
allow  comparative  analyais  of  typical  test  runs  ana  contain  such  combinations 
as  different  days  and  seasons  at  the  same  location  and  the  same  frequency, 
different  frequencies  at  the  same  location,  different  antennas  at  the  same  lo¬ 
cation  and  same  frequency,  and  different  polarizations  over  the  same  path  un¬ 
der  identical  test  conditions. 


35 


Table  V.  Path  Loss  -  1972  Low  Points 


PERCENTAGE  OF  SAMPLES  HAVING  A  SHOWN 
MAXIMUM  PATH  LOSS  OR  LESS 

Figure  27.  Propagation  Path  Lose  1,545  MHz 
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Figure  31.  Propagation  Path  Loas  (Sit*  19B  to  Hexagon,  Frequency  229.5  MHx, 
Antenna  T29  (Vertical)) 
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Figure  32.  Propagation  Path  Lota  (Site  19B  to  Hexagon,  Frequency  229.5  MHz 
Antenna)  (See  Graph,  Figure  3) 
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Figure  33.  Propagation  Path  Loaa  (Site  5  to  Hexagon.  Frequency  371.4  MHa,  Antenna  AT-197) 
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Figure  34.  Propagation  Path  lose  (Site  9  to  Hexagon,  Frequency  371.4  MHx,  Antenna  AT-197) 


t  i>«:  f  . 


Opar.  Iraq.  371.4  MBi  Ant.  Typa :  AT-197 


15  Nov.  1971  - - On  tha  avert**,  that*  data 

16  Nov.  1971  -  - —  aubjact  to  (cottar  path  loaa 

19  Nov.  1971  - _ at  halght*  of  20  to  30  faat. 

7  Fab.  1972  -  „..ai  data  aor*  talf-conalatant 

1  0  Mar.  1972  -  -  -  -  —  —  at  all  halglita  froa  10  to  32  faat. 

10  Mar.  1972  - - 

Within  rang*  of  haljhta  fro*  7  to  33  faat,  tha  data  lndleatad  a  path  loaa  variation  of  22  dB.  F 
tha  7  February  and  10  March  data,  tha  path  loaa  variation  vat  reduced  to  16  dB. 


Antanno  H*l(ht  (M  o bova  (found) 


Pleura  35.  Prop,,  ation  Path  Loaa  (Slta  19  to  Haaagon,  Frequency  371.4  MHz.  Antanna  Al-197) 
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figure  36.  Propagation  Path  Loss  (81ta  19B  to  Hexagon,  Frequency  371.4  MBs,  Antenna  T-29  (Horltontal)) 


Figure  37.  Propagation  Path  Loss  (Site  19B  to  Hexagon,  Frequency  371.4  MHr 
Antenna  T-29  (Vertical)) 
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Figure  38.  Propagation  Path  Lope  (Site  19B  to  Hexagon,  Frequency  371.4  MHz 
Antenna  EMCO  3101  (Circular)) 


(31  Fath 


Site  ao.  198  to  tit*  Haaagan  -  1.86  eii»«. 


°P«r.  Preq.  371,4  MHz  Ant.  Type  -  S««  Graph 


At  thla  frequency,  tha  circularly  polariaad  SCO  Modal  3102  log  aplral  antanna  waa  coopered  with  tha 
1 Inaarly  polarized  T-29  log  pariodlc  antanna  In  both  horlaontal  and  vertical  polarlaatlona.  On  thla 
path,  tha  path  loaa  waa  laaa  by  2  to  12  d*  at  all  traneelttlng  an  anna  haighta  froe  3  to  62  faat 
ualng  tha  circularly  polariaad  antanna  aa  compared  to  tha  T*29  *n  althar  polarltatlcm.  Batwaan  20 
and  62  faat,  tha  dapolarlaatlon  affact  In  horlaontal  polarlaatlon  cauaea  0  to  1  dl  greatar  loaa  than 
In  the  vartleally  polariaad  caaa.  In  althar  caaa,  tha  raealvad  algnal  la  laaa  than  whan  a  circularly 
polariaad  antenna  la  uaad.  Thla  lodlcatee  tha  poaalbla  advantage  of  aaploylng  circular  polarization 
ovar  tree  covered  terrain. 
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figure  39.  Propagation  Path  Loaa  (Site  19B  to  Haaagon,  Frequency  371.4  MHz, Antenna  (See  Graph)! 


(6)  Path!  Wave  Ida  8 If  Bo.  191  to 


Opar.  Freqi  371.4  MH*  Ant  Typet  AT-197  -  Cwnl-dlrectloaal,  Vertically  Polarised 

Although  not  Included  with  tha  composite  comparison  of  tha  affacta  of  transmitting  circularly,  vartl¬ 
cally  or  horlaontally  polariiad  elgnala  on  tha  vartlcally  polar iaad  racalvlng  antanna,  tha  coxpara- 
tlva  affact  on  path  loaa  with  tha  AT-197  la  Included  in  this  dlecuaalon  of  tha  taat  data  for  9  Feb¬ 
ruary  and  10  March  1972. 

Aa  tha  height  waa  changed  fron  4  to  63  feat,  tha  path  loaa  ■eaauraaanta  for  thaaa  two  dataa  differed 
at  helghte  greater  than  20  feat  by  2  to  4  dl.  Tha  maxlaw  diffaranoa  of  7  dB  occurred  at  a  height 
of  14  feat. 

Tha  range  of  path  loaa  la  batwaen  11  and  33  dl  greater  than  tha  free  apaca  path  loaa.  Thla  range  of 
valuee  la  nearly  the  ease  aa  vith  tha  uaa  of  tha  7-29  In  vertical  polar laatlon  for  tha  aaaa  operating 
conditions  at  the  eaae  tranealttlng  to  receiving  trenealaelon  path. 


Antenna  Height  (ft  above  ground) 


Figure  40.  Propagation  Path  Loaa  (Site  19B  to  Hexagon,  Frequency  371,4  MH* ,  Antenna  AT-197) 
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9*«  Prequanclea  on  Qraph.  Antenna  Type  -  AT-197  -  Dlaeona 
!•  within  line  of  light.  6.1  allai  to  H  ax  agon . 
Objacta  in  vicinity  of  tha  tranaalttlng  ant anna i 


Povar  lina  ia  la  front  about  SO  faat  away. 

100-foot  ataal  tower  33  faat  away  la  to  lafe  and  partially  behind  tha  antaana 
Stotw  fanca  and  building  la  loeatad  adjacent  to  100-foot  ataal  tovar. 

Both  aeasuresante  sada  1  February  1972, 

-  229.5  MHi 

-  37i,4  MHi 


tha  ground  la  dawp  from  salting  anew. 

Path  loaa  varlationa  ara  poaalbly  aubjaet  to  tha  influanca  of  naarby  objacta. 


Antenna  Haight  (ft  above  ground) 


Plgura  41.  Propagation  Path  Loaa  (Slta  21  to  Hexagon,  Frequency  N/A, Antenna  AT-197)  1  February  1972 
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2  -  Tractor*  operating  In  llna  of  night  about  600  feat  away. 

2  -  —  -  —  Light  rain  falling.  j 

'2  -  . .  Hind  fro*  S  knot*  guatlng  to  20  knot*. 

'2  -  Sqvlpnant  working  la  ana.  I 

2  -  Snow  on  around,  no  anow  falllna.  wind  1  to  2  knot*.  5 


Op«r.  Freq.  1,545  Mia  Ant.  Type  AIL  Bern 

01  Mt*  1,0 *  9  <or  d***11**  *•*«*  line-of-slght  lad  blocked  by  trees  without  leave# 

except  ter  plnee. 


9  Bov.  1971  -  — _ 


17  P#b,  1972 
16  Feb.  1972 
14  Mar.  1973 


H  These  three  aeta  of  nearu  resect  a  are 

eelf-consistant. 

lain  and  aleat  on  14  Kerch, 


The  three  seta  of  faeaeureaMnte  taken  In  1972  correlate  reaeonebly  well. 


Differences  are  ar  moat  3  dB. 


Path  lose  la  approximately  29  dB  treater  than  free  apace  loea  at  an  antenna  height  of  30  feet  and  the 
lose  Increases  by  about  17  dB  aa  the  antenna  la  lowered  to  7  feet. 


Anftnnd  Haight  (ft  above  ground) 


Figure  43.  Propagation  Path  Lost  (Site  9  to  Hexagon,  Frequency  1,545  HHt,  Antenna  -  AIL  Horn) 


U)  taTStda  lit*  Ro.  9  to  MQNftaucon  -  l.tl  alias 


Oper .  fraq.  1,343  MHt  Ant.  Typei  Andrews  Die cone 

Sat  description  of  alta  9  for  details .  beyond  lina-of-alght  and  blookad  by  traao  without  laavaa  ax- 
capt  for  plnaa. 

17  fab.  72  - 

IS  Fab.  72-  - 

1*  Mar.  72  - _ 

The  three  test  raaulta  corralata  rnaaonably  nail.'  Differences  art  no  acre  chan  3  dt. 

Tha  path  lot*  la  about  27  dS  graatar  than  tha  free  apace  path  loaa  at. 30-foot  antenna  halght.  Ad-  . 
dltlonal  path  loaa  of  about  12  d>  o court  at  tha  antaana  halght  la  taduead  to  about  10  faat. 


~  -~T 

1 

, -  FREE  SPACE  LOSS 

1 

.  1_ 

:o  zo  so 

Anftnno  Halght  (ft  about  ground) 


figure  44.  Propagation  Path  boat  (Site  9  to  Hexagon,  Frequency  i,54i  title,  Antenna-  Andrews  Dlscone) 


5< 


Jper.  Preq.  1,545  tfia  Ant.  Typat  AKL  Born 

Th«  ant  anna  height  «u  varied  fro*  7  co  30  foot.  Although  the  15  Hovaaber  1971  data  (green)  and  tha 
8  February  1972  data  (purple)  vara  taken  nearly  three  eontha  apart,  path  loaaea  with  antenna  haighta 
between  7  and  25  feet  are  enaparabla.  However,  between  25  and  30  feet,  tha  difference  in  path  loaeea 
la  aa  such  aa  9  djb  Although  the  leaven  were  mainly  dead,  there  wan  a  fair  Mount  of  leaf  cover  in 
November  and  none  In  February. 

Tha  13  March  1972  data  (rad)  were  taken  on  a  eleaty,  rainy  day  with  vary  wet  ground.  The  wet  treea 
In  tha  foreground  *ay  have  added  to  the  abaotptlon  loan  and  effectively  tncraaaed  the  path  loea. 


In  general,  tha  path  loan  waa  about  50  dl  greater  than  the  free  apace  loaa. . 


Antenna  Height  (ft  above  ground) 


Figure  46.  Propagation  Path  Loaa  (Site  19  to  Haxagon,  Frequency  1,545  MUa,  Antenna  -  AKL  Horn) 
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MUf,  Antenna  (Sat  Graph) 


Path  Loss 


Path  Loss  (dB) 


Figure  50.  Propagation  Fath  Loas  (Site  19B  lo  Hexagon,  Frequency  1,545  KHz, 
Antenna  -  EMCO  3102  (Circular)) 
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Op«r.  1r*\ .  1,545  Mi  Ant.  Type  (Cm  Graph) 

Th«  advantage!  of  circular  polarliatlon  daaonatrated  oc  thle  path  for  329.$  and  371.4  MU  arc  similar 
at  1,545  MU.  At  1,54$  MU,  parf oruaoca  with  tha  AIL  lien  antenna  la  vertical  polarliatlon  la  (  to  9 
d*  balov  that  tr&th  tha  circularly  pelarlaad  MOO  Modal  3M2  lop  aplral  aotatma  for  antenna  heights 
above  10  feat,  the  path  loee  «hac  oeing  the  AIL  lorn  la  horleeatal  polarliatlon  it  frea  6  to  20  dB 
■or*  than  with  vertical  polarliatlon. 


figure  51.  Propagation  Path  Loaa  (site  19B  to  Hexagon,  Frequency  1,545  MBi,  Ant anna  (Sa«  Graph)  ) 


9,  COMMENTS  ON  THE  TEST  RESULTS 

The  path,  loan  testa  were  conducted  in  the  vicinity  of  the  Hexagon  Build- 
ing.  Fort  Monmouth,  and  within  e  radius  of  lest  than  10  nilee  from  It.  Propa¬ 
gation  paths  varied  from  line  of  sight  to  completely  out  of  line  of  sight, 
through  trees  and  brush.  The  maximum  losses  at  1,545  MHz  were  approximately 
150  dB,  and  it  was  possible  to  receive  the  signal  from  ell  sites.  At  229.5 
and  371.4  MHe,  the  maximum  losses  were  close  to  135  dB  under  the  same  condl- 
t ions . 

The  test  Included  experiments  with  vertically  polarised,  horizontally 
polarised,  and  circularly  polarised  antennas.  The  results  indicated  that  there 
is  some  signal  depolarization,  probably  due  to  the  obstructions  in  the  signal 

path. 

The  free  space  lose  for  any  path  length  can  be  calculated  from  the  ex¬ 
pression  -  Loss  *  36.^8  +  20  log^gd  +  20  log^gf,  where  d  is  in  statute  miles 
and  f  In  MHz.  To  de'  mine  the  path  loss  which  la  dua  to  physical  factors  in 
the  path  other  than  i.ae  space  loas,  the  free  space  loss  is  subtracted  from 
the  total  loas.  This  was  dons  for  all  tests  covered  in  this  report  and  the  re¬ 
sults  plotted  in  Figures  5. ,  53,  and  54  for  1,545,  371.4,  and  229.5  MHz  respect¬ 
ively.  These  plots  show  the  range  of  path  loasae,  in  addition  to  the  free 
space  path  losses,  which  we  observed,  as  a  function  of  antenna  height,  inde¬ 
pendent  of  distance  between  the  transmitter  and  receiver,  but  within  our  less 
than  10-mlle  radius  test  area.  The  plots  contain  areas  which  ere  striped, 
crosshatched,  and  solid.  The  solid  areas  ere  the  resulta  of  date  obtained 
where  there  was  definitely  clear  line  of  eight  between  the  transmitting  and 
receiving  antennas.  The  striped  areas  art  bsssd  on  data  obtalnad  from  paths 
where  there  was  definitely  no  line  of  sight.  The  crosshatched  areas  are  based 
upon  results  where  there  was  marginal  line  of  sight.  Obviously,  although  the 
plot  shows  a  clear  border  between  these  areas,  thess  borders  ere  only  approxi¬ 
mate  and  cannot  be  that  sharply  defined.  These  plots,  however,  do  show  the 
maximum  losses  that  we  experienced  In  our  eras  In  addition  to  the  free  space 
1  oss .  With  them,  one  can  estimate  tlu.  antenna  height  required  for  a  system 
of  known  gains,  transmitter  power,  and  receiver  sensitivity,  or  conversely  the 
required  transmitter  pov«r  if  the  other  parameters  are  fixed. 
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Figure  52.  Propegetlon  Peth  Lose  -  1,545  MHz 
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Figure  S3.  Propagation  Path  Loaa  -  371. A  KHz 


ANTENNA  MEI9HT  (FT,  ABOVE  9B0UNDI 

LOSS  BELOW  r*EE  SPACE  LOSS 

FftEO  EES. 9  MHt  ANT.  POLARIZATION  VERTICAL 

/ 


Plgura  34.  Propagation  Path  Loaa  -  229.5  MR* 
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estimating  losses  in  the  area  covered  by  these  tests  are  included. 


m 


UNCLASSIFIED 


Security  Cleeeificetlon 


KIT  frOHOI 


UHF  Propagation  losses 
RF  transmissions  at  low  grazing 


angles 


HISA  FM  888-73 


(6) 


UNCLASSIFIED _ 

Security  CUeeiflcetion 


